Abstract: Today, in the industry of aluminum, the D. C. casting of billets and slabs is playing the major role. The producers of these slabs and billets are many. The end users of the product are OEMs. The degassing technology for producing these aluminum slabs and billets is provided by very few.
I. INTRODUCTION
Ultrasonic degassing uses high-intensity ultrasonic vibrations to generate oscillating pressures in molten aluminum. In the region of minimum pressure, cavitations occur in the melt, and fine bubbles are produced. The bubbles produced during cavitations could provide nuclei for hydrogen bubbles to coalesce and flow out of the melt [5, 10, 12, 16, 19] . However, very little work has been reported on the application of ultrasonic energy to the degassing of aluminum alloy melts. Most of the data is empirical, and only general phenomenological studies have been conducted.
An initial work had been reported by G. I. Eskin et al. who had studied the effect of Ultrasonic Processing of Molten Metal on Structure Formation and Improvement of Properties of High Strength Al-Zn-Mg-Cu-Zr Alloys [12] . They [16] .
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A. R. Naji Maidani et al. had studied hydrogen bubble growth during ultrasonic degassing of Al-Cu alloy melts [5] . The mathematical model developed by them for bubble dynamics is the driving force behind the ultrasonic degassing technology.
Furthermore, LÜ Shu-Lin et al. had studied the effect of semi-solid processing on microstructure and mechanical properties of 5052 aluminum alloy [10] .
Effect of power ultrasound on solidification of aluminum A356 alloy had been demonstrated by X. Jiana at al. [2] LI Guo-feng et al. had reported their work on effects of retrogression heating rate on microstructures and mechanical properties of aluminum alloy 7050 [1] . A comparative study about evolution of the Eutectic Microstructure in Chemically Modified and Unmodified Aluminum Silicon Alloys had been done by Hema V. Guthy [3] .
Thomas T. Meek had developed Ultrasonic Processing of Materials laboratory at University of Tennessee with cooperation of Oak Ridge National Laboratory of USA [9] .
Although the increasing popularity of ultrasonic degassing technique and remarkable efforts and significant achievements of all above mentioned researchers, it is not used commercially for degassing because lack of experimental work comparison of results associated with ultrasonically degassed material properties with conventionally degassed material.
Moreover, not a significant work has been reported after the tilting mechanism added to existing degassing technique in recent years. No work has been reported on the Aerospace (6xxx, 7xxx, 8xxx), Marine (5xxx), Automobile (2xxx), and FEM © ™ Directionally Chilled Aluminum Alloys using Ultrasonic Degassing Principle. No metallurgical study and experiments carried out for above mentioned alloys produced using Ultrasonic degassing technique. No validation of the properties of above mentioned alloys has been done using ultrasonic degassing technique.
Authors had identified this research gap and had developed ultrasonic degassing equipment which is suitable for industrial application and commercialization of the technology. The author's research work on comparison of results associated with ultrasonically degassed material properties with conventionally degassed material properties would be a step towards breaking the barriers for adopting the technology for industrial use. In the ultrasonic degassing, purification and grain refinement rate can be found maximum which is actually resulting into minimum porosity level in treated solidified samples under reduced atmospheric testing conditions as compared with conventional degassing sample and hence the improvement in material properties such as hardness, after solidification can be observed [1, 2, 4, 8, 9, 10, 12, 16] . In context with this point, authors had performed the experiments during monsoon days when the relative humidity of surrounding atmosphere was observed and recorded 70 % which is a crucial parameter to be considered. More the relative humidity level attracts more hydrogen contamination within the stipulated time period after degassing in a degassed molten metal. Authors had considered this factor and hence the experiment was performed with maximum relative humidity level in surrounding atmosphere of experimental work. However, authors had left the option of studying the effect of relative humidity of atmosphere on degassing process for aluminum alloys for the future work for researchers inclined to develop this technology to further advance level.
Material's hardness plays an important role in its applicability. This research paper should underpin improvement in the hardness of material which is widely used in Automobile, Marine and Aerospace Industry. Authors had considered Ultrasonic Processing Melt Temperature as individual parameter as a prominent input factor and effect of it is discussed on the hardness in this research paper. 
II. NOMENCLATURE

III. EXPERIMENTAL SETUP
Author's equipment is as per Figure-1 . It consists of graphite crucible of 3 Kg capacity in which molten metal gets purified by inserting an ultrasonic probe with 20 KHz frequency [10] and 2 KW power, which is surrounded by resistance furnace with temperature control device which can heated up to 1280 °C temperature within the time period of 30 minutes. The furnace has set temperature device which can be used for setting up the temperature as per user's wish. The heating coil gets disconnected when temperature reach + 3 °C than set temperature value. Heating starts again as the temperature falls down -3°C than set temperature. The ultrasonic probe is made up of titanium niobium alloy and can be fitted on a stand with mechanism which provides linear movement to it in vertical direction for insertion and removal purpose. The probe gets connected with the ultrasonic generator by flexible four way cable. Authors had replaced rotating parts of existing technology equipment with ultrasonic probe as per Figure-2 . In details of Figure-2 the cross sectional view of ultrasonic probe with internal parts is shown. 
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IV. PROCEDURE FOR EXPERIMENT
I. Design of Experiment
In author's experimental work there are three variables namely Time of ultrasound treatment, Amplitude of ultrasound and Temperature of melt. Due to design and funding for experimental set up constrains, authors had fixed the total quantity of melt, which is 3 kg. Thus their crucible of cylindrical shape and size was fixed by the dimensions such as 4 inch internal diameter and 3 inch total depth; due to these fixed parameters their immersion depth of ultrasound probe tip was also fixed which was 2 inch from the free surface of melt. This 2 inch facilitates the bubbles to grow enough while travelling from bottom of melt to free surface of melt and hence better absorption of dissolved hydrogen can be achieved. The penetration of ultrasound up to bottom of melt can also be achieved by keeping the depth of immersion of ultrasound probe by 2 inch from the free surface of melt and hence the salts and impurities of Ca, Mg, etc. could be broken down into small particles and could float in form of dross on the free surface of melt, which can be removed with the help of graphite rod by skimming action. 20 KHz frequency was also a fixed parameter due to design and manufacturing constrains of ultrasound generator. However, this parameter can be made variable with the evolution of technology in ultrasound generator system in future [10] . Thus, according to their experimental setup authors had chosen three variables with values as per below: 1. Time of ultrasound treatment: 1 minute, 2 minute, 3 minute [10] 2. Amplitude of ultrasound: 70% , 80% and 90% of 2µm peak to peak 3. Temperature of melt: 690 ºC, 705 ºC and 720 ºC [10] II.
Governing Theory for Bubble Dynamics through Ultrasonic Vibrations:
In author's experimental work bubbles play an important role. More the finer bubble size more they will travel slowly against metallostatic pressure exerted by liquid aluminum and while doing so bubbles will absorb the non dissolved hydrogen through melt height and eventually grow bigger and come up to the free surface of molten metal pool. The bubbles will burst atop of molten metal pool and will liberate contained hydrogen gas to atmosphere. The ultrasonic vibrations help to produce very small bubbles and also break the alkaline impurity particles to very small size as they would float on the molten metal pool as dross. The graphite skimmer helps to remove such dross. The Rayleigh -Plassett VI. CONCLUSION 1. The degassing effect of ultrasonic vibration is found evidently significant for molten FEM aluminum alloy. The hardness found is 65 Rockwell B in conventionally treated FEM ©™ aluminum alloy while the hardness found is 66 Rockwell B to 81 Rockwell B in ultrasonically treated FEM ©™ aluminum alloy. It clearly indicates 24.61 % improvement in material's hardness quality. Alternatively, average of hardness improvement can also be observed more than 15 % which is remarkable.
2. It is also observed that the degassing melt temperature had reduced. The conventional degassing gets maximum effect at 710 °C while ultrasonic degassing gets maximum effect at 705 °C onwards. Saving on heat energy input attracts an attention of industry.
3. It can further be concluded that the hardness found maximum in ultrasonically treated FEM ©™ aluminum alloy are from 75 Rockwell B up to 81 Rockwell B which clearly means that these are the samples with maximum hardness and the input parameters of ultrasonic treatment associated with these samples are the best suitable parameters.
4. It is also evident from the results that the temperature should be kept 705 °C onwards for ultrasonic treatment to FEM ©™ aluminum alloys to achieve maximum hardness in solidified FEM ©™ aluminum alloy. 5. The ultrasonic technique of degassing is more environment friendly than conventional degassing because no Halides are employed in this technique and also due to savings in heat energy input. 
VII. FUTURE SCOPE
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